STIC-ILL 



From: Pak, Yong 

Sent: Monday, March 17, 2003 10:57 AM 

To: STIC-ILL 

SuJ)ject: 09/878,574 



please find and copy the following for 09/878,574: 

86081779 MEDLINE 

DN 86081779 PubMed ID: 4076184 

Tl Purification and characterization of GDP-D-mannose 

4,6-dehydratase from porcine thyroid. 
AU Broschat K O; Chang S; Serif G 

SO EUROPEAN JOURNAL OF BIOCHEMISTRY, (1985 Dec 2) 153 (2) 397-401. 

Journal code: 0107600. ISSN: 0014-2956. 
CY GERMANY, WEST: Germany. Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 



Reitman ML, Trowbridge IS, Kornfeld S. 

Mouse lymphoma cell lines resistant to pea lectin are defective in fucose metabolism. 

J Biol Chem. 1980 Oct 25;255(20):9900-6. 

PMID: 6159350 [PubMed - indexed for MEDLINE] 



Two Chinese hamster ovary glycosylation mutants affected in the conversion 

of GDP-mannose to GDP-fucose. 
AU Ripka J; Adamany A; Stanley P 
NC 3P0CA1 3330 (NCI) 

CA90173 (NCI) 

R01 CA36434 (NCI) 

SO ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS, (1986 Sep) 249 (2) 533-45 

Journal code: 0372430. ISSN: 0003-9861. 
CY United States 



. Participation of an endogenous inhibitor of fucosyltransferase 

activities in the developmental regulation of intestinal fucosylation 
processes. 

AU Ruggiero-Lopez D; Biol M C; Louisot P; Martin A 

CS Department of General and Medical Biochemistry, INSERM-CNRS U. 1 89, 

Frsnc© 

SO BIOCHEMICAL JOURNAL, (1991 Nov 1) 279 ( Pt 3) 801-6. 
Joumal code: 2984726R. ISSN: 0264-6021. 

yong pak 
Art Unit 1652 

Tel: 703-308-9363 
Fax: 703-746-3173 
Office: 10A16 
Mail: 10D01 



J 



Best Available Copy 




J., AND ROTHMAN, J. E, (1983) J. CeU 
0-275. * 
AND Schneider, D. l, (iggo^ 
204, 525-534. ' 
AND Neufeld, E. F. (1980) J Bid 
4937-4945. 

v., Hasilik, a., and von Pigura K 

ioL Chem. 260, 3215-3220. 

iND Neufeld, E. F. (1981) J. Biol 

8242-8246. 

. E., and Kornfeld, S. (1983) J, Ceil 
'.159-3165. 
AND Farquhar, M. G, (1984) CeU 

J. 

J., Constantinescu, E., and Far. 
G. (1984) J. ,CeU BioL 99, 320-326. 
, Slot, J. W., Strous, G. j. a. m.. 

L., AND VON FiGURA, K. (1985) J. CeU 
•253-2262. 

v., POHLMANN, R., HaSILIK, A., AND 

A, K. (1983) J, CeU BioL 97, 1-5. 
R., AND Neufeld, E. F. (1981) J. Bid, 
.3044-3048. 

AND VON FiGURA, K. (1981) Eur J. 
121, 125-129. 

G., Fries, E., Urbain, L. J., and 
J. E. (1981) Proa Natl Acad Sci USA 
457. 

TJES, D. J., LUCOCQ, J. M., WeINSTEIN, 
ULSON, J. C. (1985) CeU 43. 287-295. 



ARCHIVES OF Biochemistry and Biophysics 
Vol 249. No. 2, September, pp. 533-545, 1986 



Two Chinese Hamster Ovary Glycosylation Mutants Affected 
in the Conversion of GDP-Mannose to GDP-Fucose 

JAMES RIPKA,* ANTHONY ADAMANY,t and PAMELA STANLEY*'^ 

*Departme7U of CeU Biology and "[Department of Biochemistry, AU>ert Einstein College qf Medicine^ 
ISOO Morris Park Ave., Bronx, New York 10^61 

Received April 14, 1986 

A biochemical basis for the pea and lentil lectin resistance of two Chinese hamster 
ovary (CHO) cell mutants, Lecl3 and LeclSA, was investigated. Studies of the G gly- 
copeptides of vesicular stomatitis virus grown in the mutants indicated that Lecl3 cells 
essentially lack the ability to add fucose to complex carbohydrates while Lecl3A cells 
synthesize significant proportions of fucosylated, complex moieties. However, both mu- 
tants were known to be reverted to lectin sensitivity by growth in L-fucose, making 
them similar to the mouse lymphoma mutant, PL^l.3, which is defective in the conversion 
of GDP-manose to GPD-fucose [M. L. Reitman, I. S. Trowbridge, and S. Kornfeld (1980) 
/. BioL Chem. 255, 9900-9906]. Optimal conditions for the production of GDP-fucose 
from GDP-mannose by CHO cytosol were found to occur at pH 8 in the presence of 7.5 
/iM GDP-mannose, 15 mM Mg^"^, 0.2 mM NAD"^, 0.2 mM NADPH, 10 mM niacinamide, 5 
mM ATP, and 50 mM Tris-HCl. Under these conditions, Lecl3 cytosol produced no de- 
tectable GDP-fucose nor GDP-sugar intermediates while Lecl3A cytosol produced sig- 
nificant quantities of both. Mixing experiments with Lecl3 cytosol identified the first 
enzyme of the conversion pathway (GDP-mannose 4,6-dehydratase, EC 4.2.1.47) as the 
site of the block. In addition to being markedly reduced, the Lecl3A 4,6-dehydratase 
activity was relatively insensitive to changes in pH in comparison to the activity in 
parental cytosol, suggesting that Lecl3A cells might possess a structurally altered GDP- 
mannose 4,6-dehydratase enzyme. © 1986 Academic Press, Inc. 



Lectin-resistant (Lec^)^ cell lines have 
been useful in defining the pathways of 
carbohydrate biosynthesis as well as the 
biological roles of cellular carbohydrates. 
The recessive Lec^ Chinese hamster ovary 
(CHO) mutants characterized to date are 
defective in specific glycosyltransferase 
activities, the compartmentalization of 

* Author to whom correspondence should be ad- 
dressed. 

* Abbreviations used: Lec^, lectin-resistant; CHO, 
Chinese hamster ovary; PSA, pea lectin; PMB, p-hy- 
droxymercuribenzoic acid; NEM, JV-ethylmaleimide; 
DTT, dithiothreitol; PMSF, phenylmethylsulfonyl 
fluoride; FCS, fetal calf serum; Con A, concanavalin 
A; VSV, vesicular stomatitis virus; PBS, phos- 
phate-buffered saline; GlcNAc, ^-acetylglucosamine; 
GlcNAc-Tl, ^-acetylglucosaminyltransferase. 



nucleotide-sugars or in the biosynthesis of 
dolichyloligosaccharides [reviewed in Ref. 
(1)]. None of these phenotypes is reverted 
by growth in a simple sugar. In contrast, 
two recently described pea lectin-(PSA) 
resistant CHO mutants, Lecl3 and LeclSA, 
were reverted to PSA sensitivity by growth 
in medium containing L-fucose (2), Phe- 
notypic reversion by L-fucose was previ- 
ously reported for a lymphoma line, PL'^l.S, 
that is defective in the synthesis of GDP- 
fucose (3). The lesion in PL^l.3 cells was 
localized to the first enzyme in the conver- 
sion pathway of GDP-mannose to GDP- 
fucose. This pathway provides the major 
source of GDP-fucose in mammalian cells 
(4, 5) and has been found in bacterial plant, 
and animal cells (3, 6-8) to consist of the 
following reactions (7): 
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CH2OH 
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OH 



O-GOP 



GDP-fucose 



■O-GDP 



OH 



Alternatively, synthesis of GDP-fucose by 
the fucose salvage pathway (5, 9) can occur 
in the presence of exogenous L-fucose, al- 
lowing cells blocked in the conversion 
pathway to phenotypically revert (3). 

The fact that both Lecl3 and LeclSA 
CHO mutants are phenotypically reverted 
by L-fucose and that they belong to the 
same recessive complementation group (2) 
suggested they would both be defective in 
synthesizing GDP-fucose from GDP-man- 
nose. However, the mutants display phe- 
notypic differences: compared to parental 
CHO, Lecl3 cells are more than 48 times 
resistant to PSA, while Lecl3A cells are 
only 9 times more resistant (2). It was im- 
portant, therefore, to investigate the car- 
bohydrates synthesized by these mutants 
as well as their abilities to convert GDP- 
mannose to GDP-fucose. In this paper we 
show that both Lecl3 and Lecl3A are de- 
fective in GDP-fucose formation, although 
to different extents. They are both affected 
in the first enzyme of the conversion path- 
way, GDP-mannose 4,6-dehydratase (EC 
4.2.1.47). Whereas Lecl3 is completely de- 
ficient in this activity, Lecl3A shows par- 
tial enzyme activity in cell-free extracts 
However, in the intact cell, the Lecl3A 
enzyme appears to be quite active A 
preliminary report of these results has 
appeared (10). 



EXPERIMENTAL PROCEDURES 

Materials. GDP-D-[l-«H]mannose (10.7 Ci/mmoi) 
and GDP-D-[U-»C]mannose (235 mCi/mmol) were 
obtained from New England Nuclear; d-[6-«H]- 
giucosamine hydrochloride (20-40 Ci/mmoI), GDP-d- 
[U- CJmannose (228 mCi/mmol), and ACS II from 
Amersham Radiochemical Corporation, Arlington 
Heights, Illinois; ATP, NAD^, NADPH, niacinamide! 
ti^UlA, p-hydroxymercuribenzoic acid (PMB) N- 
ethylmaleimide (NEM), dithiothreitol (DTT), cetyl- 
pyridinium chloride, phenylmethylsulfonyl fluoride 
(PMSF), D-mannose, L-fucose, L-rhamnose, 6-deoxy- 
D-glucose, GDP-D-mannose, hexokinase, and Amber- 
lite MB-3 from Sigma Chemical Company, St. Louis 
Missouri; Pronasefrom Calbiochem-Behring, La Jolla,' 



^^''^"^^.^^L^'^^^ medium, horse serum, and fetal calf 
seruna (FCS) from GIBCO Laboratories, Grand IsL^ 
New York; concanavalin A- (Con A) Sepharose, from 
Pharmacia, Uppsala, Sweden; PSA-agarose from 
V I Burlingame, California; Dowe^ 

to 400 mesh (CI" form), and Bio-Gel-P2 from Bio-R^ 
Laboratories, Richmond, California; Dowex 1 X-8 2O0 
to 400 mesh (formate form) was prepared from Dowex 
1 X-S, 200 to 400 mesh (CI" form) as described bylhe 
manufacturer. 

Talomethylose was purified essentially as described 
by Markovitz (11) from a crude polysaccharide frac- 
tion prepared from strain GS bacteria and generously 
provided by Dr. A. Markovitz (University of Chicago) 
The crude polysaccharide was dissolved in 0 04 n so' 
dium acetate, titrated with 1% cetylpyridinium chlo- 
ride until a precipitate was formed, and centrifuged 
at 20,000 rpm for 15 min in the SS-34 rotor of a Sorvall 
centrifuge. Four volumes of absolute ethanol were 
added to the supernatant and the mixture was placed 
at 4^C overnight The sample was centrifuged at 20 000 
rpm for 15 min and the pellet dissolved in 0,04 n so- 
dium acetate. Ethanol precipitation was repeated 
once, and the pellet, after lyophilization, was resus- 
pended in 1 n H2SO4 and boiled at lOO^C for 1.5 h The 
solution was diluted with 4 vol of 10% methanol 
passed through a column of Dowex 50 (H+ form) cou- 
pled to a column of Dowex 1 (formate form) (12) and 
eluted with 10% methanol. The effluent was dried un- 
der vacuum at40<'C, resuspended in water, and passed 
through an Amberlite MB-3 column. The eluate was 
concentrated by lyophilization, resuspended in 0.5 ml 
50% ethanol, spotted on Whatman No. 1 paper and 
chromatographed in solvent C (see Product Identifi- 
cation). Alkaline silver nitrate staining of a small strip 
revealed a single band in the area expected for talo- 
methylose. This band was cut out, eluted with water, 
and concentrated. Small aliquots were spotted on 
Whatman No. 1 strips and chromatographed in sol- 
vents B, D, and E (see Product Identification). Each 
solvent revealed a single band which chromatographed 
with values predicted for talomethylose (13-16). 

CeU lines and ceU culture. The parental CHO cell 
lines Pro 5 and Gat-2 as well as the PSA-resistent 
mutants Lecl3 (Pro-Lecl3.6A and GafLeciaiA) and 
Lecl3A (Pro-Lecl3A.2A) have been previously de- 
scribed (2). The mouse lymphoma line BW5147 and 
the PSA-resistant mutant PL«1.3 (17) were a gift from 
I. S. Trowbridge (Salk Institute, San Diego). All cells 
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ere cultured in suspension at 37°C in alpha medium 
* ntaining antibiotics and 10% horse serum with 2% 
PCS or in 10% FCS alone. Cells were routinely 
screened for the presence of MycopUisiim by fluores- 
cence microscopy (18) and found to be negative. 
^ preparation of labeled virol glycopeptides. Labeled 
fflycopeptides were prepared from vesicular stomatitis 
virus (VSV, Indiana strain) grown in parental or mu- 
tant cells in the presence of pHfelucosamine as pre- 
viously described (19). Virus purified by equilibrium 
gradient centrifugation was digested with 1 mg/ml 
Pronase containing 3 mM CaCU at SO^'C as described 
(19). After 48 h, the solution was boiled for 2 min and 
clarified by centrifugation. 

lectin-affinity chromatography. Pronase glycopep- 
tides were fractionated on Con A-Sepharose (0.6 X 22 
cm) and PSA-agarose (0.6 X 22 cm). Glycopeptides 
were applied to the columns in Con A buffer (1 M so- 
dium chloride, 0.1 m sodium acetate, 10 mM MgCU, 10 
mM CaClz, 10 mM MnCU. 0.001 mg/ml polyethylene 
glycol, 0.02 mg/ml sodium azide, pH 7.3). Unretarded 
glycopeptides were eluted with three column volumes 
of Con A buffer while bound glycopeptides were eluted 
with Con A buffer containing 200 mM a-methylman- 
noside. Fractionated glycopeptides were desalted un- 
der pressure on a Bio-Gel-P2 (minus 400) column (1.5 
X 46 cm). 

Assay for conversion of GVP-D-mannose to GDP-l- 
fucose^CeWs (1 X 10^) growing exponentially in sus- 
pension were washed once in cold phosphate-buffered 
saline (pH 7.4) containing 1 mM CaCl2 and 1 mM MgClg 
(PBS) and centrifuged at 1200 rpm for 10 min in a 
GLC-2B centrifuge. The cell pellet was resuspended 
in cold 50 mM Tris-HCl (pH 8.0) containing 0.35 mg/ 
ml PMSF. The cells were allowed to swell for 10 min 
on ice and homogenized (Dounce) 30-40 times until 
>95% of the cells were broken. The suspension was 
centrifuged at 100,000fif for 1 h, and the supernatant 
(cytosol) used immediately. Cytosol could be frozen 
at -70**C in 50 mM Tris-HCl containing 2.5% glycerol 
without loss of activity for at least 2 weeks. The pres- 
ence of PMSF during cell homogenization increased 
the yield of enzyme activity about threefold. 

Optimal assay mixtures contained 600-800 /ig pro- 
tein, 10 nmo\ niacinamide, 5 nmo\ ATP, 0,2 ^niol 
NAD+, 0.2 fimo\ NADPH, 7.5 nmol GDP-pH]mannose 
(10^ cpm), and 50 ^mol Tris-HCl (pH 8.0) in a total 
volume of 1 ml. After varying incubation times at 
37° C, the reaction was stopped by adding 50 /il of 2 N 
HCl, the solution was boiled in a heating block for 20 
min and subsequently neutralized with 55 /il of 2 N 
NaOH. Quantitation of the conversion of GDP-man- 
nose to GDP-fucose was achieved by determining the 
amount of fucose present after acid hydrolysis of the 
sugar-nucleotides. Free mannose (released from un- 
utilized GDP-mannose) was phosphorylated by treat- 
ment with hexokinase (4 units) in the presence of 5 
Mmol of ATP and 5 timol of MgClg. After 30 min at 
37°C, the mixture was passed over a Dowex 1 (for- 



mate) column (0.6 X 6 cm) and eluted with water. An 
aliquot of the eluate was counted in ACS II in a Beck- 
man LS9000 scintillation counter. The remainder was 
desalted through an Amberlite MB-3 column (0.8 
X 6.2 cm), dried under vacuum at 40° C, and chro- 
matographed in the appropriate solvent systems (see 
Product Identification). 

Assay for prodtucti<yn of GDP-6-deoocy-keto sugar in- 
termediates. The assay mixture was the same as de- 
scribed above except GDP-mannose of higher specific 
activity (~10® cpm per reaction) was used and 
NADPH was omitted. After 90 min at 37'*C, the so-, 
lution was boiled for 10 min, and 1 mg of NaBH4 was 
added to reduce keto intermediates. After 1.5 h at 
room temperature, the mixture was hydrolyzed with 
HCl, neutralized, treated with hexokinase, and passed 
through Dowex 1 (formate) as described above. The 
eluate was passed through a column of Amberlite MB- 
3 (1.3 X 10 cm), dried under vacuum, and chromato- 
graphed in the appropriate solvent systems (see 
Product Identification). 

Product identification. Descending paper chroma- 
tography was carried out on Whatman No. 1 paper in 
the following solvent systems: solvent A, pyridine- 
ethyl acetate-water-acetic acid (5:5:3:1) with pyridine- 
ethyl acetate-water (2:8:1) in the bottom of the tank 
(16); solvent B, the upper phase of pyridine-ethyl ac- 
etate-water (1.0:3.6:1.15) (15); solvent C, 2-butanone 
saturated with water (13); solvent D, 2-butanone- 
acetic acid-saturated boric acid (9:1:1) (14); solvent 
E, the upper phase of butanol-ethanol-0.2 M sodium 
borate buffer, pH 8.94 (4:1:2) (13). When solvent E 
was used, the paper was impregnated with 0;2 M so- 
dium borate, pH 8.94 and dried prior to sample ap- 
plication. Chromatography time varied for the dif- 
ferent solvents: solvents A (20-24 h), B (6 h), and D 
(17 h) were used to identify fucose; solvents B (6 h), 
C (12 h), D (7 h), and E (70 h) were used to identify 
rhamnose and talomethylose. Sugar standards were 
detected by the alkaline silver nitrate procedure (20). 
Because the relative migrations of each sugar in these 
solvents vary somewhat in reports from different lab- 
oratories (13-16), the values obtained in our experi- 
ments are included in Table I. Radiolabeled com- 
pounds were detected by radioscanning of paper 
chromatograms by using a Packard 7201 or by cutting 
the paper into 1-cm strips, adding 0.5 ml water and 5 
ml ACS II, and counting in a liquid scintillation spec- 
trometer. 

The purity of commercial GDP-pH]mannose was 
evaluated by several approaches. Over 99% of the ra- 
dioactivity was bound by Dowex 1 (formate) and, after 
acid hydrolysis, 99% of the radiolabel passed through 
Dowex 1 (formate). However, following incubation 
with heat-inactivated cytosol, treatment with acid, 
neutralization by alkali, and treatment with hexoki- 
nase, a consistent level of 2-3% of the radiolabel did 
not bind to Dowex 1 (formate). Further treatment of 
this effluent with hexokinase did not reduce this value. 
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TABLE I 

Chromatographic Properties of Sugar Standards 



T 



Sugar 



Solvent 


A 


B 


C 


D 


E 


0.78 


0.45 


0.34 


0.43 


0.35 


0.88 


0.67 


0.57 


0.66 


0.28 


ND 


0.97 


0.86 


ND 


0,53 


LOO 


1.00 


1.00 


1.00 


1.00 


ND 


1.41 


2.04 


L39 


0.79 



Mannose 

6-Deoxygalactoae (fucose) 
6-Deoxyglucose (glucomethylose) 
6-Deoxymannose (rhamnose) 
6-DeoxytaIose (talomethylose) 



Note, Descending paper chromatography in solvents A, C, D, and E described under Experimental Pro- 
cedures was performed on Whatman No. 1 paper for various times. The mobilities of the sugars were calculated 
relative to rhamnose in each case (Rf = 1.00). ND, not determined. 



indicating that the hexokinase step was sufficient to 
remove mannose (and glucose). The labeled effluent 
did not comigrate with any of the sugar standards 
tested, indicating the presence of impurities in the 
GDP-pH]mannose preparation. If reduction with 
NaBH4 was performed prior to acid hydrolysis and 
hexokinase treatment, the impurities separated into 
three peaks in both solvents A and B: one peak was 
detected between mannose and fucose, a second peak 
cochromatographed with rhamnose, and a third mi- 
grated very close to talomethylose. Similar impurities 
were detected in GDP-p^C]mannose from two sources. 
Because these impurities represented 2-3% of the ini- 
tial radioactivity and cochromatographed in the vi- 
cinity of rhamnose and talomethylose in two solvent 
systems, initial experiments were interpreted to in- 
dicate that the mutant lines actually produced the 
GDP-6-deoxy-keto sugar intermediates expected from 
the action of GDP-mannose 4,6-dehydratase (10). 
Fortunately, the radioactive impurities did not comi- 
grate with rhamnose and talomethylose in solvent C. 
Therefore the radioactive products of assays for the 
detection of GDP-6-deoxy-keto sugar intermediates 
were resolved by chromatography in solvent C after 
being mixed with 1 timoX each of GDP-mannose, man- 
nose, fucose, rhamnose, and talomethylose (carrier 
sugars). After radioscanning, the rhamnose and tal- 
omethylose areas were cut out, eluted, and chromato- 
graphed with the mixture of carrier sugars in solvent 
B. Rhamnose and talomethylose regions were again 
cut out, eluted, and chromatographed with carrier 
sugars in either solvent D or solvent E. The final 
chromatogram was cut into 1-cm strips, 0.5 ml water 
and 5 ml ACS II were added, and the sample was 
counted by liquid scintillation. In most experiments, 
rhamose and talomethylose were identified by chro- 
matography in solvent C followed by chromatography 
of the relevant eluted peaks in solvent D. Recovery 
experiments using a defined amount of pH]mannose 



showed an average yield of 58% after two chromato- 
graphic sequences. The data presented are not cor- 
rected for recoveries. 

RESULTS 

Lectin-affinity chromatography of pro- 
nose glycopeptides. The different levels of 
PSA resistance exhibited by Lecl3 and 
Lecl3A mutants (2) indicated that their 
cellular carbohydrates might also vary. To 
investigate this question, VSV was grown 
in both mutants and the structural char- 
acteristics of the N-linked complex car- 
bohydrates associated with the G glyco- 
protein of the viruses were compared by 
lectin affinity chromatography. The major 
carbohydrate species of CHO/VSV is bian- 
tennary and binds to Con A-Sepharose, 
while the minor portion is mainly trian- 
tennary, containing a iSl,6-linked N-Sice- 
tylglucosamine (GlcNAc) residue, and does 
not bind to Con A-Sepharose (21). Both bi- 
and triantennary moieties contain al,6- 
linked fucose on '^30% of their molecules 
(21), conferring the ability to bind to PSA- 
agarose (22). The abilities of the mutants 
to fucosylate N-linked carbohydrates was 
assessed by preparing Pronase glycopep- 
tides from Lecl3/VSV and Lecl3A/VSV 
and comparing their behavior during 
chromatography on Con A-Sepharose and 
PSA-agarose. 

The proportion of biantennary glyco- 
peptides from LeclSA^SV, Lecl3A/VSV, 
and parental CHO/VSV were determined 
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TOARDS 



ent 



D 



E 



4 
.7 
;6 
0 
4 



0.43 
0.66 
ND 
1.00 
1.39 



0.35 
0.28 
0.53 
1.00 
0.79 
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ky Con A-Sepharose chromatography to be 
70-80% in each case (data not shown). 
These glycopeptides and those that passed 
through Con A-Sepharose (branched) were 
fractionated on PSA-agarose (Fig. 1). In 
both cases, Lecl3/VSV contained <1% gly- 
copeptides that bound to PSA-agarose (i.e., 
^1% contained an al,6-linked fucose resi- 
due). In contrast, Lecl3A/VSV glycopep- 
tides contained a substantial proportion of 
fucosylated molecules— similar to parental 
CHO/VSV for biantennary moieties but 
reduced by --50% in the case of branched 
carbohydrates. This result revealed an- 
other substantial phenotypic difference 
between LeclS and LeclSA cells. 

Jn vitro conversion of GOP-mannose to 
GDP-fucose. As mentioned previously, the 
ability of L-f ucose to phenotypically revert 
Lecl3 and Lecl3A mutants suggested that 
their respective enzyme lesions might be 
in the GDP-mannose to GDP-fucose path- 
way. The in vitro assay developed by others 
(3, 7, 8) relied on the ability to separate 
and identify mannose and fucose in acid 
hydrolysates of the incubation mixtures 
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Fig. 1. Lectin affinity chromatography of viral gly- 
copeptides. VSV glycopeptides separated by Con A- 
Sepharose chromatography into branched (not bound 
to Con A) and biantennary (Con A-bound) fractions 
were chromatographed on PSA-agarose. The glyco- 
peptides that passed through PSA elated with the 
void volume (Vq) while PSA-bound glycopeptides 
eluted after application of 200 mM a-methylmannoside 
(arrow). Apparent differences in Vo are due to vari- 
ation in applied sample volume. 



and thus estimate the conversion process. 
Under conditions known to give good ac- 
tivity for BW5147 extracts (3), CHO cytosol 
produced only 3 pmol GDP-fucose/mg pro- 
tein/min (Fig. 2) compared to 28 pmol 
GDP-fucose/mg protein/min produced by 
BW5147 cytosol. The latter result is in good 
agreement with previous values reported 
for BW5147 (3). The assay for CHO cytosol 
was therefore optimized by varying the re- 
action conditions and introducing a hexo- 
kinase step after acid hydrolysis (see Ex- 
perimental Procedures). The latter treat- 
ment completely removed unconverted 
substrate from the hydrolysate (Fig. 2) and 
allowed the clear identification of fucose 
(Fig. 2) as well as critical intermediates 
(see below). 

Optimization of the conversion activity of 
CHO extracts. Subcellular fractionation of 
CHO homogenates indicated that virtually 
all enzyme activity was recovered in the 
cytosol fraction. No activity was found in 
the particulate fraction. Detergent extracts 
(2.5% Triton X-100 or 0.75% NP-40) were 
reduced in activity by -^-30% compared to 
a 100,000£^ cytosol. The 100,000^ cytosol, 
prepared in the presence of PMSF, gave 
the best activity. 

To investigate optimal conditions for the 
conversion activity of CHO cytosol, the ef- 
fects of varying GDP-mannose concentra- 
tions (Fig. 3), divalent cation concentra- 
tions (Fig. 4), and pH (Fig. 5) were exam- 
ined. Cof actor concentrations were 
maintained at the levels used previously 
by Reitman et oL (3). The production of 
GDP-fucose was maximal at 6-9 GDP- 
mannose both in the presence and absence 
(Fig. 3) of divalent cations. All three di- 
valent cations tested (Ca^^ Mn^^, and 
Mg2+) stimulated the production of GDP- 
fucose about twofold (Fig. 4). The pH op- 
timum of the conversion activity was pH 
8, both in the presence and absence of Mg^^ 
(Fig. 5). At pH 8 in the presence of 7,5 fiU 
GDP-mannose and 15 mM Mg^^, the con- 
version activity was linear for protein con- 
centrations of 100-1000 Mg/ml (Fig. 6). Be- 
low 100 tig/m\, linearity was reduced, as 
observed previously with lymphoma cell 
extracts (3). After a lag period of 10-20 
min, the conversion activity of CHO cytosol 
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Fig. 2. Conversion of GDP-mannose to GDP-fucose 
by parental CHO cells. Pro"5 cytosol (515 protein) 
was incubated with 10 mM niacinamide, 5 mM ATP, 
0.2 mM NAD^ 0.2 mM NADPH, 3 /iM GDP- 
pH]mannose (36,000 cpm), and 50 mM Tris-HCl (pH 
8) for 60 min at 37° C. The reaction mixture was acid 
hydrolyzed, desalted on Amberlite MB-3, and chro- 
matographed in solvent A for 24 h (upper panel). Pro"5 
cytosol (•; 800 /ig protein) or boiled Pro"5 extract (O) 
were incubated under optimum assay conditions in- 
cluding 15 mM Mg^^. After 90 min at 37** C, the reaction 
mixture was acid hydrolyzed, treated with hexokinase, 
and passed through Dowex 1 (formate). The eluate 
was desalted on Amberlite MB-3 and chromato- 
graphed in solvent A for 24 h (lower panel). Sugar 
markers from parallel strips were identified by al- 
kaline silver nitrate staining in each experiment 



was proportional to the time of incubation 
at 37°C (Fig. 7). Thus optimal conditions 
for the in vitro conversion of GDP-mannose 
to GDP-fucose by CHO cytosol occurred in 




5 10 15 20 
GDP-mannose(nmoles) 



25 



Fig. 3. Effect of substrate concentration on conver- 
sion. Pro"5 CHO extracts were incubated under op- 
timum assay conditions in the presence (•) or absence 
(A) of 15 mM Mg2+. 
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Fig. 4. Effect of divalent cations on conversion 
Pro~5 extracts were incubated for 90 min under op- 
timum assay conditions in increasing concentrations 
of Mg2^ (•), Mn^^ (■), or Ca*^ (A). 



the presence of 600-800 fig cytosol protein. 
10 mM niacinamide, 5 mM ATP, 0.2 mM 
NAD-', 0.2 mM NADPH, 7.5 /xM GDP-man- 
nose, 15 mM Mg^^, and 50 mM Tris-HCl (pH 
8). Incubations were usually carried out for 
90 min at 37°C. 

In the absence of NADPH and Mg^^, 
conversion of GDP-mannose to GDP-fu- 
cose was not detected. However, in reac- 
tions lacking NADPH and containing 15 
mM Mg^"^ or 15 mM Ca^"^, production of 
GDP-fucose was observed. The conversion 
activity obtained with 15 mM Mg^^ alone 
was similar to that obtained with NADPH 
and 15 mM Mg^^ together, while in the 
presence of 15 mM Ca^^, the conversion ac- 
tivity was similar to that obtained with 
NADPH alone. The biochemical basis of 
these complex ionic effects is unknown. 

Pro-5 CHO produced 13.8 pmol GDP-fu- 
cose/mg protein/min in the absence of 
Mg^^ and another parental CHO line 
(Gat~2) showed slightly higher activity 
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pH 

Fig. 5. pH optimum for conversion. Pro"5 cells were 
homogenized (Dounce) in low salt (5 mM Tris-HCl, 
pH 8) and centrifuged at lOO.OOOf? for 1 h. The pH was 
adjusted with 0.2 M Tris-HCl (pH 7-9) to a final con- 
centration of 50 mM Tris-HCl, Reaction mixtures were 
incubated for 90 min under optimal assay conditions 
in the presence (•) or absence (A) of 15 mM Mg^^. 
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flG. 6. Effect of protein concentration on conversion. 
Increasing amounts of Pro~5 extract were incubated 
for 90 min under optimum assay conditions in the 
presence of 15 mM Mg^"^. 



(Table II). The activities of both CHO ex- 
tracts were increased more than twofold 
by 15 mM Mg^"^ and became comparable to 
that of other mammalian cells or tissues 
(3, 7). Under the conditions found to be op- 
timal for CHO cytosol, the conversion ac- 
tivity of BW5147 cytosol was also improved 
(80 pmol GDP-fucose/mg protein/min was 
produced in the absence of Mg^^, while in 
its presence, 117 pmol GDP-fucose/mg 
protein/min was obtained). 

Inhibition of conversion activity. Con- 
centrations of GDP-mannose above 12 /iM 
inhibited the conversion activity of CHO 
cytosol (Fig. 3). This effect was probably 
mediated by the nucleotide since GDP-glu- 
cose at 12 fiU also inhibited GDP-fucose 
formation (data not shown) as observed 
previously for plant cell extracts (8). Al- 
though divalent cations stimulated con- 
version activity (Fig. 4), the inclusion of 10 
mM EDTA did not inhibit the activity of 
CHO cytosol to which no divalent cations 
had been added. Therefore divalent cations 
were not absolutely required for conversion 
activity. In contrast, the inhibitory effects 
of several sulfhydryl-blocking agents in- 
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Timefmin) 

Fig. 7. Effect of time on conversion. Pro"5 extracts 
were incubated for various times under optimum assay 
conditions in the presence of 15 mM Mg^"*". 



Conversion of GDP-Mannose to GDP-Fucose 
BY Parental and Lec^ CHO Cytosols 

Specific activity 







(pmol GDP- 


Relative 






fucose/mg 


activity 


Cell extract 


(15 mM) 


protein/min) 


(%) 


Boiled 


_ 


0.1 (2)- 


0.8 




• + 


0.1 (2)* 


0.8 


Parent 








Pro"5 




13.80 ± 5.35 (29) 


100.0 




+ 


30.52 ±9.21 (26) 


221.2 


Gat"2 




15.56 ±2.24 (8) 


112.8 




+ 


36.31 + 3.18 (9) 


263.1 


Lecl3 








Pro"Lecl3.6A 




0.06 ± 0.016 (5)" 


' 0.44 




+ 


0.06 ±0.02 (5)- 


0.44 


Gat"Lecl3,lA 




0.1 (2) 


0.8 


Lecl3A 








Pro"Lecl3A.2A 




0.45 ±0.11 (3)" 


3.3 




+ 


0.47 + 0.10 (3)" 


3.4 



Note. Cell extracts were incubated under optimum assay 
conditions with 10^ cpm GDP-C*H]mannose in the presence 
or absence of 15 mM Mg**. GDP-fucose production was cal- 
culated as the total counts per minute eluting through Dowex 
1 (formate) corrected for background determined with a boiled 
extract control. Specific activities with standard deviation 
based on the number of observations (in parentheses) are 
given. 

" These samples were incubated under optimal conditions 
containing 10* cpm GDP-i'Kjmannose in the presence or ab- 
sence of 15 mM Mg**. GDP-fucose formation was determined 
by paper chromatography of the products that eluted through 
Dowex 1 (formate). 



dicated the requirement of a free sulfhy- 
dryl group for conversion activity. Inclu- 
sion of 1 mM PMB reduced the conversion 
activity of CHO cytosol to <1% of normal. 
Other agents, such as NEM (10 mM) and 
oxidized glutathione (2 mM), also inhibited 
GDP-fucose production by >99% .However, 
10 mM DTT had no inhibitory effect. The 
combined data suggest that an essential 
sulfhydryl group is required for the con- 
version of GDP-mannose to GDP-fucose by 
CHO cytosol. 

Conversion activities of mutant cells. Two 
independent Lecl3 mutants gave no de- 
tectable GDP-fucose in the presence or ab- 
sence of Mg^*^ (Table II). Chromatograms 
of Lecl3 products were coincident with 
those of boiled reaction mixtures (Fig. 8). 
Similar results were obtained with the 
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Fig. 8. Conversion by Lecl3 and LeclSA cytosols. 
Pro"Lecl3 (O) and Pro~Lecl3A (A) cytosols were in- 
cubated for 90 min under optimum assay conditions 
with 7.5 MM GDP-[*H]mannose {^l(f cpm per reaction) 
in the absence of Mg*"*". The products were chromato- 
graphed in solvent C for 12 h. The Lecl3 products 
appeared identical to those obtained with a boiled cy- 
tosol. 



BW5147 mutant PL^l.3, which exhibited 
<0.1% of parental BW5147 conversion ac- 
tivity. In contrast, the LeclSA CHO mutant 
possessed approximately 3% of parental 
CHO conversion activity (Fig. 8), although 
this activity was not stimulated by Mg^"*" 
under the usual assay conditions (Table II). 
If, however, Lecl3A cytosol was prepared 
in 5 mM Tris-HCl (pH 8) instead of the 
usual 50 mM Tris-HCl (pH 8) buffer, the 
production of GDP-fucose was stimulated 



twofold by Mg^"^, as observed with parental^ 
CHO (data not shown), | 

Parental CHO and mutant cytosols were 
mixed to determine if a soluble inhibitor 
of GDP-mannose to GDP-fucose conver- 
sion activity was present. When equal 
amounts of Pro"5 and Pro"Lecl3 or Gat~2 
and Gat"Lecl3 cytosols were mixed, the 
expected activity for parental extract alone 
was obtained. In addition these mixtures 
showed stimulation of GDP-fucose pro- 
duction by Mg^"^. Mixing Pro~6 and 
Pro"Lecl3A extracts in the absence or 
presence of Mg^^ also resulted in the ac- 
tivity expected for the parental extract. 
Therefore, neither mutant type appears to 
contain an inhibitor of GDP-mannose con- 
version activity. 

In vitro production of mtcleotide-sugar 
intermediates. The conversion of GDP- 
mannose to GDP-fucose occurs via GDP- 
6-deoxy-keto sugar intermediates in bac- 
teria (7) and appears to be similar in lym- 
phoma cells (3). In the absence of NADPH, 
GDP-6-deoxy-keto sugar intermediates are 
therefore expected to accumulate (see Fig. 
9). The intermediates may be reduced with 
NaBH4, hydrolyzed to yield 6-deoxy sugars, 
and characterized by paper chromatogra- 
phy. In contrast to mannose, the reduced 
intermediates should not be phosphory- 
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Fig. 9. Assay for nucleotide-sugar intermediates. The proposed conversion pathway of GDP- 
mannose to GDP-fucose (7). Assay mixtures lacking exogenous NADPH accumulate GDP-keto sugar 
intermediates which, after reduction with NaBH4, acid hydrolysis, treatment with hexokinase/ 
Dowex 1, and desalting on Amberlite MB-3, may be detected as 6-deoxy sugars by paper chroma- 
tography. 
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lated by hexokinase and could therefore be 
eparated from mannose by the hexokinase 
step, making the assay for intermediates 
auite sensitive. It was expected that, fol- 
lowing NaBH4 treatment of the assay mix- 
tures, rhamnose and talomethylose would 
be derived from the first intermediate and 
6-deoxyglucose and fucose from the second 
intermediate (7). In fact, reduced extracts 
of parental CHO cells yielded only rham- 
nose and talomethylose (Fig. 10). The 
products predicted to arise from the second 
intermediate were not detected, as reported 
previously by others (3, 7). 

The products of the assay for interme- 
diates were first chromatographed in sol- 
vent C; bands comigrating with rhamnose 
and talomethylose were eluted and subse- 
quently chromatographed separately in 
solvents B, D, and E. The radiolabeled 
products comigrated with authentic rham- 
nose and talomethylose standards in each 
solvent system (see Table I). The ratio of 
rhamnose to talomethylose was approxi- 
mately 1:2-2.5 and represented a conver- 
sion of 1-1.5% of the GDP-mannose in the 
reaction mixture. Although, as mentioned 
previously, 1 mM PMB blocked the overall 
conversion of GDP-mannose to GDP-fu- 
cose by parental CHO cytosol, under sim- 
ilar conditions both rhamnose and talo- 
methylose were produced at 60-75% of pa- 
rental levels (data not shown). This 
suggests that the essential sulfhydryl re- 
quired for GDP-fucose production is not 



Origin Mannose Fucose Rhamnose 

I 1 1 




Pig, 10. Conversion of GDP-mannose to GDP-sugar 
intermediates. Pro'5 cytosol or boiled cytosol was in- 
cubated under optimum assay conditions in the ab- 
sence of Mg** and NADPH. The products were chro- 
matographed in the presence of carrier sugars in sol- 
vent C for 12 h and radioscanned. Authentic sugar 
standards were chromatographed in parallel. 



associated with the GDP-mannose 4,6-de- 
hydratase activity. However, increasing 
the concentration of PMB to 10 mM inhib- 
ited the production of 6-deoxy sugars com- 
pletely. This may reflect a requirement for 
NAD^ by the first enzyme activity as ob- 
served by others (8, 23, 24). 

The production of 6-deoxy sugars was 
approximately linear up to 90 min of in- 
cubation at 37''C. However, the overall 
conversion of GDP-mannose to interme- 
diates was only 1-1.5% of the GDP-man- 
nose present in the reaction mix compared 
to the 15-30% conversion of GDP-mannose 
to GDP-fucose obtained under optimal as- 
say conditions (Table II). The low levels of 
intermediates formed may reflect the in- 
stability of the GDP-6-deoxy-keto sugars 
(7). or some type of feedback inhibition. 

Lecl3 cells produced no detectable 
rhamnose in incubation mixtures lacking 
exogenous NADPH (Table III). The small 
number of counts per minute from Lecl3 
cytosol that comigrated with talomethylose 
represented <5% of the counts obtained 
from parental cytosol. It seems likely that 
these counts did not represent authentic 
talomethylose since, if they did, --500 cpm 
would be expected to have comigrated with 
rhamnose. In two experiments, no counts 
above the background level were detected 
in the rhamnose area. On the other hand, 
Lecl3A cells produced both rhamnose and 
talomethylose to approximately 11% of 
parental levels (Table III). 

If the mutations expressed by Lecl3 and 
Lecl3A cells affect the first enzyme, as re- 
ported for the PL^l.3 mutant (3), Lecl3 cy- 
tosol should be able to convert GDP-6- 
deoxy-keto sugar intermediates (provided 
from another source) to GDP-fucose. To 
generate GDP-sugar intermediates, pa- 
rental cytosol was incubated in the absence 
of NADPH for 60 min, boiled to inactivate 
enzyme activities, and fresh parental CHO 
or Lecl3 cell cytosols were added to com- 
pare their abilities to complete the path- 
way. Both parental CHO and Liecl3 cytosols 
produced GDP-fucose in the presence of 
exogenous NADPH (Table IV). In fact, 
Lecl3 was able to produce GDP-fucose as 
well as parental extracts under these con- 
ditions, providing evidence that the en- 
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TABLE III 

GDP-Keto Sugar Intermediates Produced by Parental and Mutant Cytosols 



Cell extract 


Rhamnose 
(total cpm) 


Talomethylose 
(total cpm) 


Specific activity 
(pmol 6-deoxyhexose/ ^l: 
mg protein/min) V^' 


Boiled 


150 


180 


' 

0.019 


Pro-5 


8620 


22,400 




Pro-Lecl3.6A 


160 


1,160 


0.046 J, 


Pro-Lecl3A.2A 


1500 


3,700 


0.14 



Note. Parental and mutant cytosols were incubated under optimum assay conditions with 3 X 10® cpm GDp^ 
fH]mannose per tube, in the absence of NADPH and Mg^^ The products were chromatographed in the 
presence of carrier sugars in solvent C for 12 h and radioscanned, Rhamnose and talomethylose areas were * 
cut out, eluted, and chromatographed in solvent D for 7 h. The rhamnose and talomethylose areas were again 
cut out, eluted, and counted. ^ % 



zyme activities subsequent to the GDP- 
mannose 4,6-dehydratase activity are un- 
affected by the Lecl3 mutation. Since 
Lecl3A cells belong to the same comple- 
mentation group (2), the Lecl3A mutation 
must also affect the GDP-mannose 4,6-de- 
hydratase activity. 

GDP-mannose Ufi-dehydratase pH opti- 
mum. If the LeclSA mutation reduces but 
does not abolish GDP-mannose 4,6-dehy- 
dratase activity, this enzyme might exhibit 
properties different from those of the same 

TABLE IV 

Conversion of GDP-Keto Sugar 
Intermediates to GDP-Fucose 

Specific activity 
(pmol GDP- 



Cell extract 


NADPH 


Total 
cpm 


f ucose/ mg 
protein/min) 


Boiled 


+ 


630 


0.14 


Pro-5 




850 


0.21 






14,760 


3.75 


Pro-Lecl3.6A 




860 


0,21 




+ 


14,100 


3.63 



Note. Pro's extracts were incubated under opti- 
mum assay conditions containing 10* cpm GDP- 
pH]mannose per tube, in the absence of NADPH and 
Mg^^ for 60 min and boiled for 10 min. Fresh Pro"5 
or Pro"Lecl3 cytosol was added and the incubation 
reinitiated in the presence or absence of NADPH for 
60 min. The products were chromatographed in solvent 
D for 17 h, cut out, eluted, and counted. 



enzyme in parental CHO. The pH optimum 
of the GDP-mannose 4,6-dehydratase was 
therefore examined in parental and LeclSA 
extracts. Parental CHO showed a sharp 
optimum of pH 7.5 and little activity at pH 
7 (Fig. 11). Lecl3A extracts also showed 
optimum activity at pH 7.5. However, the 
LeclSA extracts exhibited only slightly 
lower activity at pH 7. This contrasts dra- 
matically with the activity of parental 
CHO cytosol which was 10 times lower at 
pH 7 than at pH 7.5. Thus the Lecl3A 4,6- 
dehydratase activity appears less sensitive 
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Fig. 11. pH optimum of GDP-mannose 4,6-dehy- 
dratase. Pro'5 (•) and Pro"Lecl3A (A) cytosols pre- 
pared as described in Fig. 5 were incubated for 90 min 
at different pHs under optimum assay conditions with 
3 X 10® cpm GDP-mannose per tube in the absence of 
NADPH and Mg*^. The products were chromato- 
graphed in the presence of carrier sugars in solvent 
C for 12 h. The total GDP-6-deoxy sugars produced 
represent the sum of rhamnose and talomethylose 
eluted from the chromatograms in each case (10,000 
cpm = 1 pmol of 6-deoxy sugars). 



tochai 
4,6-deV 



The 
mannc 
plant, 
pathw 
gyine 
comm 
cleoti( 
timun 
GDP-: 
were* 
nose 1 
matel 
the 0^ 
serve* 
28). h 
conve 
by di 
been 
cells, 
thouj 
teres 
repla 
some 
plica 
sulfh 
hibit 
and 
was 
Ur 
prod 
nucl 
vers 
wer< 
GDI 
wer« 
the] 
of t 
Lec: 
the 
PL« 
idei 

SUC( 

nec 
ana 
Rip 
ten 
fuc 
ess 




Mutant Cytosols 



Specific activity - 
(pmol 6-deoxyhexose/ '^ 
mg protein/mi n) 

0.019 a 

1.30 

0.046 

0.14 

aditions with 3 X 10® cpm GDP- 
were chromatographed in the 
: and talomethylose areas were 
:alomethylose areas were again 



al CHO. The pH optimum 
lose 4,6-dehydratase was 
5d in parental and Lecl3A 
il CHO showed a sharp 
5 and little activity at pH 
lA extracts also showed 
at pH 7.5. However, the 
exhibited only slightly 
pH 7. This contrasts dra- 
;he activity of parental 
zh was 10 times lower at 
7.5. Thus the Lecl3A 4,6- 
ity appears less sensitive 



Parent ' 



.Lecl3A- 



15 ^ a 

O Q 

-D — 

10 S s 
5 ll 
0 



7.5 8.0 85 9.0 
pH 

im of GDP-mannose 4,6-dehy- 
d Pro"Lecl3A (A) cytosols pre- 
Fig. 5 were incubated for 90 min 
• optimum assay conditions with 
inose per tube in the absence of 
The products were chromato- 
ace of carrier sugars in solvent 
GDP-6-deoxy sugars produced 
f rhamnose and talomethylose 
natograms in each case (10,000 
oxy sugars). 



CHINESE HAMSTER OVARY GLYCOSYLATION MUTANTS 



543 



changes in pH than the parental CHO 
46-dehydratase activity. 

DISCUSSION 

The biosynthetic conversion of GDP- 
mannose to GDP-fucose occurs in bacterial, 
plant, and mammalian tissues (3, 6-8). The 
pathway is thought to require three en- 
Ifme activities [(7); see Fig. 9] that are 
common to a variety of other sugar-nu- 
cleotide conversions (26). In this paper, op- 
timum conditions for the conversion of 
GDP-mannose to GDP-fucose by CHO cells 
were determined. An optimum GDP-man- 
nose substrate concentration of approxi- 
mately 7.5 fiU and a pH optimum of 8 for 
the overall pathway was obtained, as ob- 
served previously for bacterial extracts (27, 
28). In both CHO and BW5147 cell extracts, 
conversion activity was stimulated twofold 
by divalent cations. This finding has not 
been previously reported for mammalian 
cells. Indeed in plants, divalent cations are 
thought to inhibit the conversion (8). In- 
terestingly, the inclusion of 15 mM Mg^"^ 
replaced the requirement for NADPH, by 
some unknown mechanism, perhaps im- 
plicating a possible requirement for a 
sulfhydryl group in the pathway. The in- 
hibition of GDP-fucose production by PMB 
and other sulfhydryl-blocking reagents 
was consistent with this hypothesis. 

Under optimum conditions, Lecl3 cytosol 
produced neither GDP-fucose nor the first 
nucleotide-sugar intermediate of the con- 
version pathway. However, Lecl3 extracts 
were able to produce GDP-fucose when 
GDP-6-deoxy-keto sugar intermediates 
were provided by parental extracts. Thus 
the Lecl3 mutation affects the first reaction 
of the conversion pathway, making the 
Lecl3 mutant phenotypically identical to 
the PSA-resistant BW5147 mutant termed 
PL^l.3 (3). Attempts to establish genetic 
identity between the mutants were not 
successful because the intraspecific hybrids 
necessary to perform complementation 
analysis were not readily obtained (J. 
Ripka, unpublished observations). (Consis- 
tent with an inability to synthesize GDP- 
fucose, the carbohydrates of Lecl3/VSy 
essentially lacked fucose residues. This 



correlates with the high PSA resistance of 
Lecl3 cells since PSA requires an al,6- 
linked fucose residue attached to the Asn- 
GlcN Ac of complex carbohydrates for high- 
affinity binding (22). 

Lecl3A is a new mutant that is also af- 
fected in GDP-mannose 4,6-dehydratase 
activity. In Lecl3A cells, however, the en- 
zyme possesses partial activity and exhib- 
its an altered pH sensitivity. Though a pH 
of 7.5 was optimal for the GDP-mannose 
4,6-dehydratase of both parental and 
Lecl3A cytosols, parental cytosol was 
comparatively inactive at pH 7 whereas 
Lecl3A activity was only slightly decreased 
at this pH. The fact that, under the usual 
assay conditions, Lecl3A cytosol was not 
stimulated by Mg^^ to produce more GDP- 
fucose is also different from the result ob- 
tained with parental cytosol. However, it 
could not be determined whether this affect 
was localized to the 4,6-dehydratase since, 
in the absence of NADPH and the presence 
of Mg^"^, no intermediates were detectable 
because GDP-fucose was produced. Lecl3A 
cytosol prepared under low-salt conditions 
(5 mM instead of 50 mM) was, in fact, stim- 
ulated by Mg^"^, suggesting that perhaps 
one of the affects of Mg^"^ is on the first 
enzyme since parental cytosol behaves 
similarly under both salt conditions. 

Interestingly, Lecl3A cytosol possessed 
11% of parental CHO GDP-mannose 4,6- 
dehydratase activity, although it had only 
3% of parental activity for the overall con- 
version of GDP-mannose to GDP-fucose. 
This suggests that the GDP-mannose 4,6- 
dehydratase enzyme may not be the rate- 
limiting step in the in vitro pathway. Con- 
sistent with this, the pH optimum for the 
overall pathway is 8 whereas the optimum 
for the 4,6-dehydratase reaction is 7.5. It 
is also possible that the Lecl3A mutation 
affects more than one enzyme of the con- 
version pathway. This may occur indirectly 
if the enzymes of the pathway act in a 
complex which is disrupted by the altered 
Lecl3A GDP-mannose 4,6-dehydratase. 
Such a possibility would be consistent with 
the fact that, similar to Lecl3 cells, hybrids 
of Lecl3 and Lecl3A are highly PSA-re- 
sistant (2), whereas the Lecl3A phenotype 
(in providing partial 4,6-dehydratase ac- 
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tivity) might be expected to behave domi- 
nantly in such hybrids. However, the 
LeclSA mutant was derived by single step 
selection from an unmutagenized culture 
(2), making it unlikely that it would be the 
result of more than one mutation. In ad- 
dition, LeclSA cells clearly synthesize sub- 
stantial amounts of GDP-fucose in intact 
cells since Lecl3A/VSV carbohydrates are 
highly fucosylated (Fig. 1). Therefore the 
pathway subsequent to the first reaction 
appears to be intact. The combined data 
suggest that the LeclSA mutation reduces 
GDP-mannose 4,6-dehydratase activity 
directly by altering its structure, presum- 
ably by mutation of the gene that codes for 
the enzyme. 

Several glycosylation defects that give 
intermediate phenotypes apparently due to 
partial activity of the affected enzyme or 
transport activity have now been isolated 
(29). The best characterized of these is 
LeclA, a mutant that exhibits partial 
UDP-GlcNAc:a-D-mannoside (GlcNac )31,2 
to Man al,3) iST-acetylglucosaminyltrans- 
ferase (GlcNAc-Tl) activity. The kinetic 
and biochemical properties of the LeclA 
enzyme are different from parental Glc- 
NAc-Tl in cell-free extracts (30). However, 
under appropriate assay conditions the 
LeclA enzyme exhibits a V^ax equivalent 
to the parental enzyme, providing good ev- 
idence that the LeclA mutation affects the 
structural gene for GlcNAc-Tl.^ The de- 
fective GlcNAc-Tl of LeclA mutants is 
quite active in the intact cell (30), as ap- 
pears also to be the case for the Lecl3A 
4,6-dehydratase. It is apparent from Fig. 1 
that glycopeptides of Lecl3A/VSV were 
almost as fucosylated as those of CHO/ 
VSV. This finding correlates with the rel- 
ative PSA sensitivity of Lecl3A cells. They 
are 5 times more sensitive to PSA than 
Lecl3 mutants (2). 

Clearly much remains to be learned of 
the enzymes and cof actors required for the 
conversion of GDP-mannose to GDP-fu- 
cose in animal cells. Different mutations 
affecting the pathway should continue to 
define it. Unfortunately it is not easy to 
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perform or interpret kinetic experimeig 
for such a complex set of reactions occiSI, 
ring in a crude cytosolic extract. Thus, the 
evidence that the LeclSA 4,6-dehydrata8e 
possesses a structural defect is necessarily 
indirect. However, an understanding?o|: 
carbohydrate biosynthesis at the molecular 
level should eventually be possible when 
the genes that code for glycosylation en- 
zymes are cloned and mutations that aff^t ^ 
their activity are identified. Both the Lecl3 ?{ 
and Lecl3A mutants, since they belong ti)S 
the same complementation group, would be v 
expected to carry a structural mutation in 
the gene that codes for GDP-mannose 4,6-' - 
dehydratase. One of the mutations (Lecl3) 
appears to inactivate enzyme activity while 
the other (Lecl3A) gives reduced enzyme 
activity. Both mutants should ultimately 
provide insight into the structure/function 
relationships of this enzyme. 
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